Purpose To investigate the effects of cognitive function on discontinuation of hormonal therapy in breast cancer survivors ages 65? (''older''). Methods Older breast cancer survivors with invasive, nonmetastatic disease, and no reported cognitive difficulties were recruited from 78 Alliance sites between 2004 and 2011. Eligible survivors (n = 1280) completed baseline interviews; follow-up was conducted annually for up to 7 years. Survivors with estrogen-receptor-positive (ER?) cancers who initiated hormonal therapy (n = 990) were included. Self-reported cognitive function was measured using the EORTC-QLQ30 scale; a difference of eight points on the 0-100 scale was considered clinically significant. Based on varying rates of discontinuation over time, discontinuation was evaluated separately for three time periods: early (\1 year); midpoint (1-3 years); and late discontinuation ([3-5 years). Cox models for each time period were used to evaluate the effects of cognition immediately preceding discontinuation, controlling for age, chemotherapy, and other covariates. Results Survivors were 65-91 years old (mean 72.6 years), and 79% had stages 1 or 2A disease. Overall, 43% discontinued hormonal therapy before 5 years. Survivors who reported lower cognitive function in the period before discontinuation had greater hazards of discontinuing therapy at the treatment midpoint (HR 1.22 per 8-point difference, CI 1.09-1.40, p \ 0.001), considering covariates, but cognition was not related to discontinuation in the other periods. Conclusions Self-reported cognitive problems were a significant risk factor for discontinuation of hormonal therapy 1-3 years post-initiation. Additional research is needed on the temporality of cognitive effects and hormonal therapy to support survivorship care needs of older survivors.
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Introduction
Adjuvant hormonal therapy (including tamoxifen and aromatase inhibitors) is the standard of care for the 70% of breast cancer survivors with estrogen-receptor-positive (ER?) disease, [1, 2] given evidence of significant reductions in recurrence and mortality [3, 4] . Despite recommendations for at least 5 years of hormonal treatment, up to 50% of survivors discontinue therapy prematurely [5] [6] [7] . Several factors have been shown to increase the risk of hormonal therapy discontinuation, including non-white race and healthcare access barriers, [8, 9] while management of medication-related side effects and greater patientprovider communication may reduce the risk of discontinuation [5, 10] .
Older age has also been shown to increase the risk of discontinuation of hormonal therapy [11] , perhaps related to high rates of multi-morbidities that interact with or interfere with ability to continue long-term medication regimens [8, 9] . One age-related condition that may be especially salient to premature discontinuation of hormonal therapy in older women is cognitive decline, since cognitive problems could affect ability to comprehend medical instructions or create plans to manage daily medications [12, 13] .
While there has been some investigation of the effects of breast cancer treatment on cognition, especially related to chemotherapy [14] [15] [16] , few studies have specifically focused on cognitive function for older survivors taking hormonal therapy [17, 18] and none have prospectively examined the impact of pre-existing cognitive problems on the ability of older survivors to maintain hormonal treatment [19, 20] . To fill this gap, this study used data from a prospective cohort of older survivors to investigate the effect of self-reported cognitive function on subsequent discontinuation of hormonal therapy. These analyses are intended to contribute to the growing science on cognition and cancer treatment, generate new hypotheses, and suggest possible clinical interventions to address the chronic needs of the rapidly growing population of older adult cancer survivors [21] .
Methods
This study conducted an unplanned secondary analysis of data from an extant cohort of older survivors originally designed to investigate patterns of systemic therapy [22, 23] . The study was conducted at 78 hospitals or practices affiliated with the Cancer and Leukemia Group B (CALGB) cooperative group (presently part of the Alliance for Clinical Trials in Oncology) [23] . The protocol met Health Insurance Portability and Accountability Act standards and was approved by CALGB, the National Cancer Institute, and the institutional review boards at all sites. Each participant signed an IRB-approved, protocol-specific consent form in accordance with federal and institutional guidelines.
Setting and population
Survivors were registered between January 1, 2004 and April 1, 2011. Eligible survivors were 65 years or older, diagnosed with invasive (1 cm or more) non-metastatic breast cancer (AJCC-6 stages I-IIIA), and spoke English or Spanish [24, 25] . Survivors were required to pass an entry cognitive screen to be eligible for the study; those scoring \11 points using the Blessed Orientation-Memory-Concentration test were excluded [25] . Survivors were less than 20 weeks from their last definitive surgery. There were 1703 survivors registered for the study; of these, 1529 were eligible. A total of 1280 baseline interviews (83.7%) were completed. The current analyses were restricted to survivors with ER? tumors (n = 1063) that initiated hormonal therapy (n = 1015), and had follow-up data (n = 990; 97.5% of initiators) (Fig. 1 ).
Data collection
Clinical research associates identified survivors, confirmed eligibility, and upon physician approval, obtained patient consent. Registration was managed by the Alliance Statistics and Data Center. Centrally trained interviewers administered 30-to 45-min structured telephone interviews at baseline, 6, 12 months post-baseline, and then annually thereafter for up to 7 years.
Measures
The primary variables of interest for this analysis were cognitive function (primary predictor) and time to discontinuation of hormonal therapy (dependent variable). Self-reported cognitive function was assessed at baseline and at each subsequent follow-up interview using the cognition scale from the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30). [26] This scale includes two Likert-scored items: (1) ''Have you had difficulty in concentrating on things, like reading a newspaper or watching television?''; and (2) ''Have you had difficulty remembering things?'' Scores were standardized to a scale of 0-100. Analyses examined the impact of cognition per 8-points, a clinically meaningful difference in scores [26] . To approximate temporal effects, the self-reported cognitive function score for the time period preceding discontinuation was used to predict subsequent discontinuation.
Data on adjuvant hormonal treatment use were collected over 5 years (i.e., the recommended duration of treatment during the study period). Initiation of any type of adjuvant hormonal therapy (and start date) was based on medical records. Subsequent hormonal therapy use was based on annual self-report. If the month and year of discontinuation was not known, the date of discontinuation was set at the midpoint between consecutive interviews [27] . Survivors who died or experienced a recurrence were censored at the date of the event; these data were based on information from medical records. Survivors with recurrence who had discontinued hormonal therapy more than 18 months preceding the recurrence date were classified as discontinuing; discontinuation at recurrence was treated as a censored event.
Several potential confounding variables were considered, including age, race (white vs. non-white), frailty, receipt of systemic chemotherapy, and type of hormonal medication initiated. Frailty was measured by adapting the index developed by Searle et al. [28] and previously validated to predict mortality in community-dwelling elders. It includes self-reported limitations in activities of daily living, sensory deficits, functioning, and pre-diagnosis comorbidity. Cognitive function was not included in the frailty index. Frailty scores were categorized based on established cut points related to mortality outcomes [28, 29] as ''robust,'' 0-0.2; ''pre-frail,'' [0.2-0.35; and ''frail'' [0.35-1. Frailty was dichotomized into robust versus pre-frail/frail categories based on the sample distribution, similar to previous studies [30] . Chemotherapy use (yes vs. no) and type of hormonal therapy initiated was obtained from medical records. Data on changes in hormonal therapy regimens were not available.
Statistical analysis
We used a Kaplan-Meier survival curve [31] to illustrate the overall probability of continuation of hormonal therapy over five years ( Fig. 2) . Informed by patterns of discontinuation from previous studies [14, 32] and the observed rates of discontinuation over time, we tested separate models for three periods of discontinuation of hormonal therapy: early (from initiation up to 1 year); midpoint ([1 year up to 3 years) and late ([3 years up to 5 years). Survivors that discontinued in one period were not considered for analysis in subsequent periods (i.e., we used the cognitive function score that most closely preceded the start of the period being modeled). Separate Cox proportional hazards models [33] for each time period were used to assess the univariable and multivariable relationships between time to discontinuation and covariates. Variable selection for the multivariable models was based on a significance level of p \ 0.15 in univariable analysis. This cut-point level was selected because of the preliminary nature of the analysis and the decreasing sample size in each subsequent time period model. Backward elimination was used to determine the final models for each time period, retaining variables that were significant at the p \ 0.15 threshold. Age was retained in all models for face validity, regardless of significance. Analyses were conducted using SAS software (version 9.3; SAS Institute, Cary, NC).
Results
The mean age of the cohort that initiated hormonal therapy for ER ? cancers was 72.6 years (SD 5.9, range 65-91). Most were married (58%), white (89%), and diagnosed with early-stage tumors (79% at stages 1 or 2A) (Table 1) . One-third received chemotherapy as part of treatment and 87% initiated their hormonal therapy with aromatase inhibitors. The majority of survivors (77%) were robust based on Searle criteria. Given the cognitive screening requirement for study participation, baseline self-reported cognitive function was also high (mean 93, SD 12.6 on a scale from 0 to 100; higher scores indicating better function).
Overall, 43% (n = 427) of older survivors who initiated treatment discontinued hormonal therapy before five years (mean 33 months) (Fig. 2) . Among the 427 discontinuing, 47.3% (n = 202) discontinued in the early period; 15.7% (67) discontinued in the midpoint period; and 37% (n = 158) discontinued in the late period (Table 1) . In each period, survivors who discontinued tended to have lower mean cognitive function scores than those who continued treatment, but this difference was only statistically significant in the midpoint period (Table 1) .
In univariable models, there were differences in factors that were associated with discontinuation in the different time periods (Table 2) . While age and non-white race were associated with discontinuation in the early period, they were no longer significant factors in later periods. In contrast, cognition was not related to discontinuation in the early period, but it was associated with discontinuation of hormonal therapy in the midpoint period.
Considering covariates among those that continued taking hormonal therapy at the midpoint period, survivors with lower (vs. higher) cognitive scores, had greater adjusted hazards of discontinuation (HR 1.22 per 8-point Cognition scores are based on the EORTC-cog scale (0-100; higher scores indicate better self-reported cognition) [26] . Score for the assessment immediately preceding the time of discontinuation are used in each model. For example, if a survivor discontinued hormonal therapy at 2 years, her cognition score from the 1-year follow-up assessment was used c Frailty based on Searle's index [28] Breast Cancer Res Treat (2017) 165:677-686 681 Table 2 Hazards Only survivors that continued to the start of the time period are included. If a survivor discontinued hormonal therapy at 9 months after initiation, she would not have been counted in the denominator for the two subsequent periods c Cognition scores are based on the EORTC-cog scale (0-100, higher is better self-reported cognition) [26] . Score for the assessment immediately preceding the time of discontinuation are used in each model. For example, if a survivor discontinued hormonal therapy at 2 years, her cognition score from the 1-year follow-up assessment was used d
Frailty based on the Searle's index [28] HR hazard ratio AI aromatase inhibitors difference, CI 1.09-1.40, p \ 0.001). The effect of cognition on discontinuation in the midpoint period was independent of age or frailty. For those who continued treatment into the late period ([3 to up to 5 years), prior receipt of chemotherapy was the only variable associated with lower hazards of discontinuation in multivariable models.
Discussion
This is the first study to explore whether self-reported cognitive function after initiating hormonal therapy is related to older breast cancer survivors' subsequent treatment discontinuation. The results illustrate that the probability of hormonal therapy discontinuation is high and varies over the duration of the recommended treatment course. Cognition was associated with discontinuation during the midpoint of treatment, with older survivors reporting lower (vs. higher) cognitive function prior to that period being more likely to discontinue. However, cognitive function was not related to earlier or later discontinuation, and different factors predicted discontinuation of hormonal treatment in each time period.
Other studies have also noted suboptimal adherence to the full course of hormonal treatment of breast cancer, with rates and timing of discontinuation similar to those observed in this older cohort [1, 8, 34, 35] . Some studies have considered quality of life and physical symptoms (such as arthralgia) as potential reasons for discontinuation [30, [36] [37] [38] . Other studies have explored the relationship between hormonal therapy and patterns of subsequent cognitive changes [20, 39, 40] . However, none have specifically examined cognitive function after initiation of hormonal therapy as a factor that could explain subsequent discontinuation in older survivors.
There are several explanations for the preliminary finding that self-reported cognitive function could have affected discontinuation in the midpoint of therapy, and not in the early or late periods of hormonal therapy use. Cognitive problems could have resulted in discontinuation at the midpoint due to difficulty remembering to take medications or other challenges related to executive function that survivors might have experienced at that time [41, 42] . The lack of statistically significant effect of cognition on discontinuation in the late period might reflect selection biases, with the healthiest survivors, including those without cognitive deficits, continuing treatment.
Discontinuation of treatment at the midpoint may also have occurred as a consequence of the survivor or her provider attributing cognitive symptoms to the hormonal therapy. Unfortunately, since this study was not originally designed to address medication adherence, there were insufficient data to determine with certainty the reasons for hormonal therapy discontinuation. However, there is an emerging body of research reporting that cognitive changes are associated with hormonal therapy for breast cancer [14] [15] [16] , although these observations are not universal [43, 44] . Nevertheless, the timing of cognitive effects on discontinuation seen in this study was consistent with the length of hormonal treatment exposure previously observed to produce cognitive effects [19, 20] , supporting the biological plausibility of the timing of effects.
There was also variability in effects of other covariates associated with treatment discontinuation by time period of therapy. For instance, chemotherapy was associated with lower hazards of discontinuing hormonal treatment in the early or late, but not the midpoint period, extending results for earlier studies [30] . However, it is likely that survivors that had received chemotherapy did not have sufficient cognitive effects from primary treatment to interfere with hormonal therapy use or that they had more advanced disease, and perceived a greater benefit of maintaining hormonal therapy to prevent recurrence [10] . It is also possible that those at risk of cognitive decline after chemotherapy did not receive a recommendation for hormonal therapy from their medical team. Future research is needed to understand the complex balance of outcomes of chemotherapy in older patients, including the selection of the healthiest patients to chemotherapy, the cognitive effects of chemotherapy, interactions of chemotherapy and hormonal treatment on cognitive outcomes, and the impact on biological aging [45] [46] [47] [48] .
This study had several important strengths, including the large, longitudinal cohort of older survivors, and the ability to assess the impact of cognitive function in the period prior to discontinuation of treatment. There are also some limitations that could be considered in evaluating the results. First, while cognitive function for the period preceding discontinuation was used to approximate temporal effects, it is not possible to rule out the possibility that results reflect the effects of hormonal therapy on cognitive function. Next, the various classes of hormonal therapy may have different side effect profiles, including adverse cognitive effects [4, 40, 49] . Unfortunately, since this was a secondary analysis, data were only available on the initial hormonal regimen, and three-quarters of survivors initiated treatment with aromatase inhibitors, limiting the ability to find variations in effects on discontinuation by treatment type.
In addition, the EORTC instrument, though commonly used to assess cancer-related outcomes [26, 50] , has limited precision in measuring cognitive function, relies on selfreport, and only captures two aspects of cognition (concentration and memory). The survivors in this cohort also had high cognitive function at baseline given study eligibility criteria, potentially limiting ability to detect smaller cognitive effects on discontinuation of treatment. The cohort may also not fully represent all older survivors, given the research setting. Hence, the results should be considered preliminary pending new studies with diverse participants and more robust cognitive measures, including neuropsychological testing and brain imaging [48] .
This study addressed a largely unexplored question about the impact of cognitive function on discontinuation of hormonal therapy for breast cancer. If confirmed, the results may have important implications for clinical care of older survivors, such as decisions about extension of the duration of hormonal treatment from 5 to 10 years [7] . Another implication of the results is that routine cognitive assessment of older survivors undergoing hormonal therapy might be used to identify those in need of interventions like medication reminders or supportive care, or to identify those who might be considered for alternative regimens with fewer cognitive side effects. If any medication-induced cognitive changes are identified, promising evidence suggests that compensatory cognitive rehabilitation strategies [51, 52] may be effective in improving cognitive function and potentially promoting treatment adherence. Additionally, interventions that include physical activity can mitigate cognitive impairment and other treatment side effects [53] , and could be examined as methods to enhance hormonal therapy completion. Given the nascent state of knowledge about cancer and cognition, it will be important to conduct future studies of cancer-related cognitive outcomes to inform care and guidelines for the growing number of older breast cancer survivors.
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